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Introduction: Astrochemistry laboratory 

simulations have shown that complex organic 
molecules including compounds of astrobiological 
interest can be formed under intersteilar/circumsieliar 
conditions from the vacuum UV irradiation of 
astrophysical ice analogs containing H z O, CO, COi, 
CH 3 OH, NH 3 , etc. Of all prebiotic compounds, the 
formation of amino acids under such experimental 
conditions has been the most extensively studied [1-3]. 
Although the presence of amino acids in the interstellar 
medium (ISM) has yet to be confirmed [4,5], they have 
been detected in meteorites [6,7], indicating that 
biomolecules and/or their precursors can be formed 
under extraterrestrial, abiotic conditions. Nucleobases, 
the building blocks of DNA and RNA, as well as other 
A-heterocycies, have also been detected in meteorites 
[8,9], but like amino acids, they have yet to be 
observed in the ISM [10], In this work, we present an 
experimental study of the formation of pyrimidine- 
based compounds from the UV photo-irradiation of 
pyrimidine in ice mixtures containing H 2 0, NHj, 
and/or CH 3 OH at low temperature and pressure. 

Experimental: Pyrimidine (C4H4N3), the 

carbonaceous backbone for 3 biological nucleobases 
(cytosine, thymine, and uracil), was mixed with ice 
mixtures containing H 2 0, NHj, and/or CHjOH, and 
UV irradiated at 20-30 K in order to simulate 
astrophysical conditions. The UV photons were 
provided by a discharge H 2 lamp emitting mainly 
Lyman a (121.6 ran) photons and a continuum 
centered around 160 nin. After irradiation at low 
temperature, the samples were warmed up to room 
temperature and analyzed by two independent and 
complementary chromatography techniques, namely, 
high-performance liquid chromatography (HPLC), and 
gas chromatography coupled with mass spectroscopy 
(GC-MS). Photolyzed tee mixtures were also measured 
in situ by mid-infrared spectroscopy to study the photo- 
stability of pyrimidine and its photo- products in the 
various ice mixtures. 

Results and discussion: Both HPLC and GC-MS 
data showed that the UV irradiation of pyrimidine 
mixed with ILO and/or NHi ices lead to the formation 
of a large variety of compounds where hydroxyl/keto- 
(-OH/=0) and amino (-NH 2 ) groups are added to the 
pyrimidine base structure. Among all photo-products 


identified in the samples, the presence of the 
nucleobases uracil [11] and cytosine [12] has been 
confirmed bv both HPLC and GC-MS. When CH 3 OH 
is present in the starting ice mixtures, the addition to 
the pyrimidic ring of functional groups such as methyl 
(-CH3), methoxy (-OCH 3 ), and/or -CH 2 OH groups is 
expected, and has yet to be confirmed by on-going 
experiments. The photo-stability and survival of 
pyrimidine and its photo-products, from the 
astrophysical environments where they are likely to be 
formed to their delivery to telluric planets, as well as 
the formation pathways of the nucleobases and other 
pyrimidine derivatives will also be discussed. 
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